Background: We previously reported weekend emergency admissions to have a higher mortality; we have now examined the time profile of deaths, by weekday or weekend admission, in all emergency medical patients admitted between 2002 and 2014. Methods: We divided admissions by a weekday or weekend (After 17.00 Friday-Sunday) hospital arrival. We examined survival following an admission using Cox proportional hazard models and Kaplan-Meier time to event analysis. Results: In total 82 368 admissions were recorded in 44, 628 patients. Weekend admissions had an increased mortality of 5.0% (95% CI 4.7, 5.4) compared with weekday admissions of 4.5% (95% CI 4.3, 4.7) (P ¼ 0.007). The univariate adjusted Odds Ratio (OR) of death for a weekend admission was significantly increased OR ¼ 1.15 (95% CI 1.05, 1.24) (P ¼ 0.001). Mortality following an admission declined exponentially over time with a long tail, 25% of deaths occurred after day 28. Only 11.4% of deaths occurred on the weekend of the admission. Survival curves showed no mortality difference at 28 days (P ¼ 0.21) but a difference at 90 days (P ¼ 0.05). The higher mortality for a weekend admission was attributable to late deaths in the cohort with an extended stay; compared with weekday, these weekend admissions were more likely to be older and have greater co-morbidity. Conclusion: Survival rates following a weekend or weekday admission were similar out to 28 days. The higher overall mortality for weekend admissions is due to divergence in survival between 28 and 90 days. Most deaths in weekend admissions occurred when the hospital was fully staffed.
Introduction
A weekend admission carries a higher mortality risk than a weekday admission; on average mortality is 10% higher at the weekend. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In a previous review of all emergency medical admissions to St James' Hospital between 2002 and 2009, we estimated that the adjusted Odds Ratios (ORs) of a weekend death was 1.11; however, the case mix was biased due to an increased illness severity explaining much of the observed risk increase at the weekend. 14 Acute care hospitals operate differently on weekdays and at the weekend. At the weekend, there is less staff cover (including physician coverage) 2, 15, 16 , with a shift towards more junior, less experienced medical staff, 17 and also reduced access to certain treatments and procedures. 2, 3, 5, 11, 12, [18] [19] [20] The attributed factors, explaining the increased weekend mortality, have been ascribed to staff or organizational rather than patient factors. 2, 18, 19, [21] [22] [23] [24] Although it may appear reasonable to implicate the reduced availability of diagnostic procedures and therapeutic modalities at weekends, studies have failed to link higher weekend mortality rates to delays in procedure availability and timeliness. 11, 25, 26 There are of course two underlying assumptions underlying inferences of deficiency of care at the weekend; first that the case-mix and acuity of patients does not differ between weekday and weekend admissions and second that the excess of deaths following a weekend admission occurs proximately to the time of admission. We have previously described the Acute Medical Admission Unit (AMAU) care process 27 and how the focus on process and patient risk characterization might improve outcomes. 28, 29 We now critically re-examine the frequency distribution and survival pattern between weekday and weekend admissions using data from 13 years of medical admissions.
Methods

Background
St James's Hospital (SJH), in addition to national and regional roles, serves as a secondary care centre for emergency admissions for its local Dublin catchment area of 270 000 adults, operating a continuous sectorized acute general 'take' with patients directed towards surgical or medical specialties. All emergency medical admissions are referred to one of nine teams operating a 1:9 24 h 'on-call' roster; this article deals with any patient admitted under this General Medical service between 2002 and 2014. The operation and outcome of the AMAU has been previously described in.
27,30-32
Data collection
For audit purposes we employed an anonymous patient database assembling core information about each clinical episode from elements contained on the national hospital in-patient enquiry (HIPE) scheme, the patient electronic record, the emergency room and laboratory systems. HIPE is a national database of coded discharge summaries from acute public hospitals in Ireland. 33, 34 Ireland used the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) for both diagnosis and procedure coding from 1990 to 2005 and ICD-10-CM since then. Data held on the database includes the unique hospital number, admitting consultant, date of birth, sex, area of residence, principal and up to nine additional secondary diagnoses, principal and up to nine additional secondary procedures and admission and discharge dates. Additional physiological, haematological and biochemical parameters are recorded at the time of admission. Data were related to all emergency general medical patients admitted to SJH for the years 2002-14.
We used discharge codes to calculate the Charlson Comorbidity index to evaluate co-morbidity. 35 Derangement of hemodynamic and physiological admission parameters may be utilized to derive an Acute Illness Severity Score that predicts clinical outcomes. 36, 37 From modelling laboratory data collected at time of hospital admission we developed a predictive algorithm based on serum sodium, potassium, urea, albumin, red cell distribution width and white blood cell count. The underlying principle is that deviation beyond the boundaries of 'normal homeostasis' is an estimate of risk, although the relationship is non-linear and differs for each variable. This Acute Illness Severity Score has been used as a risk adjustor in our multivariable model. We have described full details of the derivation and validation of this score previously in. 36, 37 We have described a chronic disability score methodology, derived from counts of discharge ICD9/ICD10 codes, that strongly correlated with mortality and length of stay. 38 Between January 2002 and December 2014 with 82 368 episodes in patients admitted as a medical emergency, only 11.4% of such episodes had no disabling disease code. There is the possibility for conditions to contribute to both the Charlson Index and the Chronic Disabling Disease Score, however our previous work has shown both to be independent predictors of mortality. 38 Sepsis status was divided into three categories: no blood culture request, negative blood culture result, and positive blood culture result. Their respective frequencies were 75.4, 20.5 and 4.1% with 30-day in-hospital mortality rates of 5.5, 16.1 and 30.5%, respectively. We have described full details of this methodology previously in. 39 
Statistical methods
Descriptive statistics were calculated for background demographic data, including means/standard deviations (SDs), medians/interquartile ranges (IQR) or percentages. Comparisons between categorical variables and 30-day in hospital mortality were made using chi-square tests. A weekend admission was defined as being admitted after 17.00 on a Friday, or on a Saturday or Sunday. We chose 17.00 on a Friday as the cut off time as we have demonstrated previously the significant delays at each stage of the admission process postpresentation in the Emergency Department. 40 For this article the time from
Emergency Department arrival until referral to the General Medical service was 5.5 h (95% CI 3.7, 8.4). The time from referral to the General Medical service until ward arrival was a further 5.6 h (95% CI 1.5, 13.5). Therefore the total delay from Emergency Department presentation to ward arrival was the combination of these two delays. Survival analysis of outcome (time to death) by a weekday or a weekend admission was undertaken via Cox proportional hazard models and Kaplan-Meier time to event analysis. We assumed non-normality in this analysis and right censoring of the data (data set incomplete as event did not occur during the observation time). We checked the data for parallelism as the Cox proportional hazard model assumes proportionality of the predictors. We used the log-rank test of equality across strata (non-parametric test) to test the categorical variables (weekend vs. weekday admission). Absolute mortality at discrete time points was adjusted for the illness severity score, significant predictors were Charlson Co-morbidity Index, 35 Chronic Disabling Disease Score 38 and sepsis status 39 using logistic regression, while testing the goodness-of-fit using the Hosmer-Lemeshow test. 41 2%) . The mean 30-day in-hospital mortality over the study period was 9.2% (95% CI 8.9%, 9.6%) but declined from 11.9% in 2002-4.7% in 2009 (P < 0.001). This represented a relative risk reduction of 60.4% over the period with a NNT of 13.9.
Weekend admissions
A weekend admission had a significantly increased 30-day inhospital mortality of 5.0% (95% CI 4.7, 5.4) compared with that for a weekday admission of 4.5% (95% CI 4.3, 4.7) (P ¼ 0.007). If the comparison was on a unique patient basis (last admission only if >1 admission), the mortality rates were 9.6% (95% CI 8.9, 10.2) for a weekend and 8.5% (95% CI 8.1, 8.8 ) for a weekday admission (P ¼ 0.001). The univariate adjusted OR of a weekend admission was significantly increased OR ¼ 1.15 (95% CI 1.05, 1.24) (P ¼ 0.001).
We analysed the data by time interval looking at three periods 2002-5, 2006-9 and 2010-14. The 30-day in-hospital mortality on a unique patient basis for a weekend admission for the respective three periods decreased from 12.0% (95% CI 11.1, 12.9), to 10.1% (95% CI 9.3, 11.0) and then 6.7% (95% CI 6.1, 7.4). Considering the three time periods, the time effect on mortality was substantial-OR 0.71 (95% CI 0.67, 0.74).
Survival analyses
Deaths following an admission declined exponentially over time ( Figure 1 We analysed Kaplan-Meier survival curves to 28 or 90 days following an emergency medical admission and by weekday or weekend admission (Figure 2 ). There was no difference in survival to 28 days (P ¼ 0.21) but survival to 90 days was statistically different (P ¼ 0.05). The difference in the survival curves is attributable to an excess of deaths after 28 days in patients admitted at the weekend compared with those admitted on weekdays.
Analysing on a unique patient basis over the entire study period, mortality at 24 h was 5.8% (95% CI 5.3, 6.4), at 7 days 6.5% (95% CI 6.2, 6.8), at 28 days 8.6% (95% CI 8.3, 8.8), and at 90 days 9.9% (95% CI 9.6, 10.1).
Characteristics of patients after 28 days
By 28 days, 89.7% of emergency medical hospital admissions were discharged or had died. Mortality at this time point for the most recent data was 4.7%. Characterisitics of this group of patients are shown in Table 1 . The excess mortality following a weekend admission appeared to be attributable to patients still receiving care in hospital after this 28 day cutoff. Table 2 shows the characteristics for this cohort with an extended stay, by a weekday or a weekend admission. Extended stay patients admitted at the weekend were older at median (IQR) 76.9 years (64.1, 83.8) compared with weekday admissions at median (IQR) 75.7 years (61.7, 83.4); in addition they had appreciably more comorbidity (Table 2 ). Therefore these late excess deaths occurred in high-risk patients following a prolonged admission.
Discussion
These data add to the knowledge base on the uncertainty surrounding weekend care provision, and specifically contribute to the debate on mortality associated with a weekend hospital admission due to a medical emergency. There are two issues that underlie the criticisms of care delivery for weekend emergency medical admissions. The first is that patients have the same acuity (i.e. illness severity) and co-morbidities irrespective of a weekday or a weekend admission. We previously reported that emergency medical admissions to St James' Hospital between 2002 and 2009, had an altered case mix at the weekend resulting in an overall increased illness severity explaining much of the observed risk increase.
14 In this study we note that much of the mortality difference was due to deaths long after the initial admission; we find that the patients who were at risk of such a death following a weekend admission had a substantially augmented risk profile, being older and having more comorbidities. The risk profile of admissions, by weekend or weekday admission cannot be assumed to be equivalent. A more serious misconception is that patients admitted at the weekend die mainly on the weekend of the admission; we calculate that only 11.4% of all the deaths occurred on the weekend of the admission. The mortality while high initially follows an exponential decay with a long tail; in fact 25% of all deaths in such patients occur beyond 28 days. Thus the bulk of deaths following a weekend admission occurred when the hospital was fully staffed. We now find that there is a characteristic distribution or pattern of mortality following an emergency medical admission; it can be represented as a mathematical function. As Geoffrey Rose outlined and has been debated, 42 the weekend or weekday patient represents part of a distribution function and different segments (i.e. the early phase) cannot realistically be isolated from the totality of the population. Therefore attempts to intervene to lower the mortality whilst laudable, have to realistically consider the context of the overall distribution function. Over time the outcomes for all emergency medical admissions have improved-the weekend admission is no exception. The weekend 30-day in-hospital mortality from the earlier part of our series was 12.0% (95% CI 11.1, 12.9) but had fallen to 6.7% (95% CI 6.1, 7.4) in the latter years-OR 0.71 (95% CI 0.67, 0.74). Factoring in the time periods and the interaction between time and the 'weekend effect' gives a further attenuation of the importance of a weekend admission-OR 0.90 (95% CI 0.71, 1.12). That is to say, there is no overall difference between a weekend and weekend admission in the last part of the time series; the overall difference is attributable to the difference present in the early part of the time series. As with any research there are a number of limitations to our work. We have assessed admissions on general medical take only, there are a number of other admitting services in our institution for which we do not have available data, including cardiology and surgery, therefore our results are not necessarily generalizable to these specialties. This study was based in a single institution serving a predominantly deprived urban population, the external validity of the findings require confirmation in other settings. We have analysed over 82 000 admissions resulting in narrow confidence intervals; however, due to the overall low mortality rates there remains the possibility that small differences may not have been detected. It is important to reflect that even the smallest statistical increase may be of clinical importance when dealing with outcomes such as mortality. The definition of the time period which best constitutes a weekend for the purposes of analyses such as this has been controversial. We take the position that patients admitted late on a Friday are part of this weekend group. This is particularly true given the 11 h delay from Emergency Department arrival until ward admission. We have repeated this analysis defining a weekend as Saturday and Sunday alone, the results were not materially different. There are many additional factors which may influence weekend outcomes including deprivation, this article is focused on the survival analysis and we direct readers to our previous articles on other issues in this area. 43, 44 In conclusion, in this study survival rates following a weekend or weekday admission were similar out to 28 days and the mortality excess after this time for weekend admissions occurred in high acuity patients following a prolonged admission.
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